We have developed a monoclonal antibody ( 9 0 ) for immunohistochemical localization of tartrate-resistant acid phosphatase (TRAcP). This antibody reacts with a denatured epitope of TRAcP and requires enhancement methods to promote antigenicity in padi-embedded tissues. We used this antibody to systematically examine proteolytic digestion and heat denaturation conditions for epitope enhancement in both paraffin sections and fued smears. The goal was to increase the sensitivity of the immunohistochemical stain for TRAcP. Optimal conditions for proteolytic digestion were established. Denaturation in a conventional boiling water bath was compared to microwave irradiation in several commonly used solutions. Immunohistochemistry was compared directly to TRAcP cytochemistry in fued smears from hairy cell leukemia specimens to gauge the level of sensitivity of our improved method. Attempts were made to "retrieve" the 9C5 epitope from overfixed tissues and aged smears. Maximal immunoreactivity of TRAcP was achieved by microwave irradiation in a citrate or Tris buffer of pH
Introduction
In humans, tartrate-resistant acid phosphatase (TRAcP EC3.1.3.2) is expressed by osteoclasts (I), alveolar macrophages (2) , epithelioid cells of granulomatous lesions (3) , and Gaucher's cells of Gaucher's disease (4). It is also expressed by hairy cells (HC) of hairy cell leukemia (HCL) ( 5 ) and by some activated lymphocytes (6) . At present, TRAcP is used as a marker for HCL (7), as a marker for macrophage activation and differentiation (8), and as a biomarker for increased osteoclast activity (9). TRAcP cytochemistry has been used for many years for the diagnosis of HCL. However, TRAcP activity is inactivated by routine formalin fixation and paraffin embedding and therefore it cannot be stained cytochemically in such tissues, placing limitations on histological diagnosis.
To solve this problem, we prepared a monoclonal antibody (MAb ans Affairs Medical Center, 800 Zorm Ave., Louisville. KY 40206.
6.0-8.0 without the need for a subsequent protease digestion step. With this method of epitope enhancement, immunohistochemistry with antibody 9C5 was as sensitive as direct cytochemical staining of TRAcP activity. However, once a tissue specimen had been overfiied or a smear stored for a year or more, the 9C5 epitope was no longer retrievable.
The key element in epitope enhancement for 9C5 immunohistochemistry is heat denaturation of the target epitope.
Immunohistochemistry of TRAcP in paraffm sections would be a great asset to the study of specialized forms of the monocytelmacrophage lineage and to the process of macrophage activation. It would also provide another means for more precise evaluation of residual disease in bone marrow of patients treated for hairy cell leukemia. (JHktochem Cytochem 4X235-244, 19%) KEY WORDS: Immunohistochemistry; Tartrate-resistant acid phosphatase: Type 5 acid phosphatase; Epitope enhancement; Antigen retrieval; Microwave; Hairy cell leukemia; Macrophages. 9CS) to TRAcP purified from hairy cell leukemia spleen (10) . The pure TRAcP had a specific activity of approximately 1000 U/mg. Polyacrylamide gel electrophoretic (PAGE) analysis under reducing conditions revealed TRAcP to be a disulfide-linked heterodimer of 23 KD and 16 KD subunits derived from a continuous polypeptide of 33 KD (nonreducing PAGE) by posttranslational proteolysis. Western blot analysis showed MAb 9C5 to react only with the denatured form of TRAcP, with specificity for the 16-KD subunit. Initial immunohistochemical studies of this antibody showed that it is highly specific for TRAcP-containing cells, including HC, some macrophages, and osteoclasts (11). The immunohistochemical technique, however, was less sensitive than the cytochemical technique. If immunohistochemical detection of TRAcP can be made as sensitive as cytochemical detection, MAb 9C5 might have expanded clinical and basic research applications. With this goal, we systematically examined factors that influence epitope enhancement to standardize a method that would give maximal sensitivity for immunohistochemical staining of TRAcP. We also compared enhancement methods with and without enzyme digestion steps, assessed the sensitivity of an improved method, and compared it to our original enhancement method. The most sensitive and specific immunohistochemical stain for TRAcP in both tissue sections and fixed smears was achieved after microwave epitope enhancement in a buffer of pH 6.0-8.0.
Materials and Methods
Histological Specimens. Spleens from three patients with confirmed HCL were used to optimize the immunohistochemical procedure. They were fixed for no longer than 12 hr in neutral buffered formalin and were embedded in paraffin. Sixteen additional HCL spleens and nine HCL bone marrow biopsy cores were used to evaluate epitope enhancement procedures. Nine of the HCL spleen specimens had been stored in 10% neutral buffered formalin for 3 months to 5 years before embedding. Bone marrow biopsies were submitted in neutral buffered formalin, then decalcified for 30 min in a commercial solution (Baxter Scientific Products; Obetz, OH) containing 1 N HCI and 7 % ethylenediamine-tetraacetate (EDTA). After decalcification, biopsy specimens were routinely processed and embedded in paraffin. Sections were cut at 3-4 pm, deparaffinized in two changes of xylene, and hydrated through graded ethanols to water.
Cytological Specimens. Cytological specimens included conventional and buffy coat (12) smears of blood and bone marrow from HCL and non-HCL patients, cytocentrifuge smears of blood and bone marrow mononuclear cells (MNG) from HCL patients, and cryopreserved spleen HCs (13). TRAcPcontaining macrophages were prepared from normal blood or bone marrow by culture of the adherent cells for up to 5 days in RPMI-1640 medium containing 10% fetal bovine serum. Cytocentrifuge smears of cryopreserved HCs and normal macrophages were used as positive controls and for optimization of many aspects of the immunocytochemical procedures. Smears were air-dried and fixed immediately or stored unfixed at room temperature (RT). Archived smears stored unfixed at RT for up to 15 years were also examined for TRAcP activity and reactivity with MAb 9C5. After fixation in buffered formal acetone (14), smears were washed with several changes of distilled water and air-dried.
Epitope EnhancementlRetrievaI. Methods tested for epitope enhancement included both heat and proteolytic digestion. For heat denaturation, tissue sections were fully immersed in a boiling water bath for 15 min. then allowed to cool slowly for 20 min. Alternatively, sections were exposed to microwave irradiation at 800 W for a total of 10 min (two 5-min intervals) in 240 ml distilled water, 4 M urea, 1% ZnS04. 10 mM citrate buffer, pH 2.0-8.0, or 10 mM Tris buffer, pH 8.0, according to published guidelines (15, 16) . Immediately after the first 5-min microwave treatment, 50 ml distilled water was added to replace evaporative loss and microwave irradiation was continued for the final 5-min period. After microwave irradiation, sections were allowed to cool slowly for 20 min in the microwave solution. For heat denaturation of fixed cytological specimens, smears were either plunged into boiling water for 1 min. then allowed to cool for 15-20 min and removed to dry, or were exposed to microwave irradiation for 5 min in the same solutions. then allowed to cool for 20 min, rinsed with distilled water, and dried. The same slide rack and container with the same number of slides were used throughout to ensure reproducible heating for all experiments. Heat-treated and non-heat-treated specimens were then subjected to digestion with either trypsin, Type IX (Sigma; St Louis, MO), pepsin (Sigma), or proteinase K (Sigma). The concentration of proteases and time of digestion were optimized using tissues fixed for no more than 12 hr and smears freshly prepared and fixed in buffered formal acetone.
Immunohistochemical Staining Methods. Immunohistochemical staining with MAb 9C5 was performed manually using a standard 1:500 dilution of ascites as primary antibody. The same dilution of a nonimmune ascites was used as a negative control. Alkaline phosphatase-anti-alkaline phosphatase (APAAP), alkaline phosphatase-conjugated avidin-biotin complex (ABC-AP kit; Vector Laboratories, Burlingame, CA), and alkaline phosphatase-labeled streptavidin-biotin (LSAK-AP kit; Dako, Carpinteria. CA) formats were compared. Disclosure of the alkaline phosphatase label was achieved with naphthol AS phosphate as substrate and either fast redviolet LB salt or fast blue BB salt as coupler (17).
Cytochemistry of TRAcF! TRAcP activity was stained in cytological specimens by a well-established method (18) using naphthol ASBI-phosphate as substrate and fast garnet GBC as coupler in 100 mM sodium acetate buffer, pH 5.4, containing 50 mM sodium tartrate.
Semiquantitation of Cytochemical Activity. Semiquantitative comparisons of cytochemical and immunocytochemical stains were desired for some experiments. Semiquantitative scoring was performed by the method described for leukocyte alkaline phosphatase (19) . Briefly, the stain intensity in 100 consecutive mononuclear cells (MNC) was evaluated microscopically on a 0 to 4 + scale, 0 being negative and 4 + being intense. The total score was then computed as 4 C (cells of score i) ( 2 ) Therefore, the minimal score for 100 cells would be 0 (100 cells of 0 intensity) and the maximal score possible would be 400 (100 cells of 4 + intensity).
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Results
Effects of Proteolytic Digestion on Epitope Enhancement for 9C5
It was previously determined that a combination of heat denaturation with subsequent trypsin digestion was better than either alone for 9C5 epitope enhancement in tissues and smears (11). Figure  1 illustrates this effect in smears. We confirm and extend those findings in this report. The optimal concentrations of trypsin, pepsin, and proteinase K for a 20-min digestion at 37°C to yield maximal immunoreactivity with minimal tissue destruction were first determined. Each was used at various concentrations after slides were heated in boiling water for 15 min or by microwave irradiation in water or in 10 mM citrate buffer, pH 6.0, for 10 min. Table 1 summarizes the results and shows that heat denaturation by microwave irradiation is superior to conventional boiling for epitope enhancement. All enzymes further enhanced immunoreactivity of TRAcP beyond that achieved by heat alone. Five-to tenfold less protease was needed after microwave denaturation compared to conventional boiling.
Effects of Microwave Solution on Epitope Enhancement for 9Cj
Several solutions for microwave irradiation, with or without subsequent trypsin digestion, were compared for their effectiveness for epitope enhancement. The results are summarized in Tible 2. When heat alone was used for epitope enhancement, microwave irradiation in any of the tested solutions was far better than conventional boiling water, but not all microwave solutions resulted in equivalent epitope enhancement. Irradiation in citrate buffer of 4 M urea resulted in the strongest 9 0 immunoreactivity, followed by irradiation in distilled water. One percent ZnS04 was ineffective as an epitope enhancement solution. When heating and proteolytic diges- tion were used for epitope enhancement, the most consistent results were obtained by a 10-min total microwave treatment in 10 mM citrate buffer followed by 20-min digestion in 5 vg trypsin Type IX/ml. Microwave irradiation in 4 M urea followed by trypsin digestion resulted in epitope enhancement equal to that of citrate plus trypsin. but led to more frequent overdigestions. The combination of microwave irradiation followed by pepsin or proteinase K digestion, although resulting in intense specific staining in the cytoplasm of HCs. led to artifactual nuclear staining that did not occur when trypsin was used.
Effects of Microwave Buffer p H on Epitope Enhancement for 9CS
The staining intensity achieved with MAb 9C5 steadily increased from negligible to dramatic as the pH of the microwave buffer increased from 2.0 to 8.0 (Figure 2 ; Table 3 ). This pattern represents a "Type C" epitope enhancement pattern as described by Shi and colleagues (20) . Proteolytic digestion did not contribute further to epitope enhancement after sections received microwave irradiation at pH 8.0. Having systemically optimized several variables of enhancement for TRAcP immunohistochemistry. we compared directly the staining intensity achieved by our original method and by this improved method. Figure 3 shows in both HCL spleen and bone marrow biopsy specimens that increased sensitivity for HC detection with MAb 9C5 is achieved through microwave epitope enhancemenr ar pH 8.0.
Comparison of LabeLing Methods for Tissue Sections
To establish maximal sensitivity for TRAcP immunohistochemistry. three alkaline phosphatase labeling methods were compared: APAAP. ABC-AP, and LSAB-AI? Alkaline phosphatase was disclosed Microwave heat denaturation by two >-min cycles of irradiation at 800 W in 10 mM citrate buffer, pH 6.0, with 40-50 ml water replacement between cycles.
Digestion with pepsin or proteinase K often resulted in nonspecific weak nuclear staining.
using two chromogenic couplers: fast blue BB at pH 9.5 and fast red-violet LB at pH 8.5. Both couplers were used with 0.3 mg naphthol AS phosphate substrate per ml200 mM Tris buffer containing 50 mM MgC12. The dilution of MAb 9C5 was increased to 1:2000 to better gauge the comparative sensitivities of the methods. The ABC-AP technique was the most sensitive, followed by APAAP. LSAB-AP was far less sensitive than the other formats (data not shown). Nonspecific background staining was frequently encountered with the avidin-biotin-based methods. The staining method with fast blue BB at pH 9.5 provided greater staining intensity than that with fast red-violet LB at pH 8.5.
Effect of Long-term Fimtion on Epitope Retrieval for MA6 9CS
Our original epitope enhancement method (15-min boiling water bath followed by trypsin digestion) was ineffective on nine HCL spleen specimens that had been stored in neutral buffered formalin for 3 months to 5 years. Epitope retrieval from these specimens by four intervals of 5-min microwave irradiation at pH 8.0, followed by trypsin digestion, was still ineffective (data not shown). We did not critically examine tissue fixation to determine the maximal allowable fixation time for optimal TRAcP preservation. However, once tissues have been exposed to formaldehyde for prolonged periods, the 9C5 epitope is irretrievable. On the other hand, the 9C5 epitope of TRAcP appears to be stable indefinitely in archived paraffin blocks after tissues have been optimally fixed before dehydration, clearing, and embedding.
Epitope Enhancement for 9CS in
Cy to LogicaL Preparations
Conditions for epitope enhancement in cytological specimens were examined in a series of experiments similar to those conducted with tissue sections. Optimal enzymatic digestion was determined for smears by criteria similar to those for tissue sections. The results, summarized in Table 4 , show that optimal conditions for epitope enhancement in smears recapitulate those for tissue sections. Microwave irradiation is more effective for epitope enhancement than conventional boiling. All proteolytic enzymes tested were equally effective. Sodium citrate buffer and urea were equally effective as microwave solutions and were more effective than water or ZnS04. The degree of epitope enhancement was directly proportional to the pH of the microwave solution up to pH 8.0. We noted that whereas immunostaining was most intense after microwave irradiation in citrate buffer, pH 8.0, nuclear,staining was weak and without detail, and overall morphology was compromised. When 10 mM Tris buffer, pH 8.0 was substituted, nuclear staining, detail, and overall morphology were noticeably improved. In addition, the specific immunostaining was often stronger after irradiation in Tris than in citrate buffer. The results of a typical experiment illustrating this phenomenon are shown in Table 5 . Triplicate smears were prepared. One was stained cytochemically for TRAcP activity. The other two were stained immunochemically for TRAcP antigen using either citrate buffer, pH 8.0, or Tris buffer, pH 8.0, as a microwave solution for epitope enhancement. The staining intensity for each was scored semiquantitatively. Immunocytochemistry after use of citrate as microwave solution provides sensitivity equivalent to direct cytochemistry. After use of Tris buffer as microwave solution, immunocytochemical sensitivity increased somewhat by increasing the percentage of strongly positive cells. As was done with tissue sections, epitope enhancement was conducted on smears either with our original method or with the improved method herein. The sensitivities of subsequent immunocytochemical stains with MAb 9C5 were then compared. The increased staining intensity after the improved enhancement method is illustrated in Figure 4 .
When smears prepared on conventional glass slides were exposed to microwave irradiation at pH 8.0, many cells were often lost or morphology was poor. The problem of sample loss and morphological deterioration was solved when positively charged Probe-On (Fisher Scientific; Cincinnati, OH) slides were used or when the fixation time was increased to 5 min. Heat denaturation by microwave irradiation for two 5-min cycles with 4 -5 0 ml water replacement herween cycles Proreasc digcstion ua( conducted subwquenrlv for 20 min at 37-C.
Comparison of Staining Methods for Cytological Specimens
The results of comparisons among APAAP, ABC-AP, and LSAB-AP labeling formats on smears mirror those obtained in tissue sections. Although ABC-AP was more sensitive, the APAAP method rarely resulted in background staining, which is often seen with avidin-biotin techniques. The staining method with fast blue BB at pH 9.5 provided maximal sensitivity, but fast red-violet LB resulted in a bright red reaction product. With the latter method, hematoxylin counterstaining gave excellent nuclear detail and con--* ----* -- Table 3 . Effect of bufler pH during microwave epitope enhancement of 9 0 in parafJn sectionP (a,b) HCL spleen and (c,d) bone marrow biopsy. The microwave enhancement method results in increased sensitivity but may cause some nonspecific nuclear staining. APAAP method. Naphthol AS-phosphate as substrate and fast blue BB as coupler, pH 9.5. no counterstain. Original magnification x 630. Bar = 20 pm. ' Staining intensity in 100 cells for each mcrhod was scored semiquantitatively. Numhers arc percent of cells stained to the rclativc degrcc of 0 (negative). I * (minimal.
Z + (moderate). 3 + (strong). or 4 + (intense staining totally tilling thc cytoplasm). Score = sum of products of pcrcrnt cells x degree of s t a i n
Comparison of TRAcP Cytochemistry with Immunocytochemistry
trast. The method of McGadey (21). which utilizes nitroblue tetrazolium (NBT) and 5-bromo-2-chloro-3-indolyl phosphate (BCIP), was also sensitive but required prolonged staining at elevated temperature (37°C). which tended to cause nonspecific precipitation and nuclear staining. The blue-black color of the product provided little contrast with hematoxylin counterstaining.
We reported that TRAcP cytochemistry was more sensitive than immunocytochemistry when epitope enhancement was achieved by boiling in water for 1 min, followed by trypsinization (11). We have extended these findings in 16 additional independent experiments, ' For specimens of periphcral blood. enriched HCs. or macrophagcs. staining intensity war detcrmincd by semiquantitativc scoring of duplicate smears stained either for TRAcP cytwhcmical activity or for 9C5 immunocytochemical activity. For bonc marrow spccimens. subjcctive evaluations for the abundancc of positive macrophages and ovcrdll staining intcnsitv were made in duplicate smcars stained for TRAcP or with K 5 . RCSU~IS are exprcsscd as the numbcr of specimens in which thc sensitivity of cvtochcinistry was grcatcr than (TRAcP >9C5). approximarely equal to (TRAcP = OC5). or less than (TRAcP < K 5 ) the sensitivity of immunocvtochcmisty.
including 36 specimens (Table 6A ). In 29 of these specimens. cytochemistry was judged to be more sensitive than immunocytochemistry. Four independent experiments with 22 specimens were conducted comparing TRAcP cytochemistry to immunocytochemistry with the improved epitope enhancement method (Table 6B) . Cytochemistry was more sensitive in four of these specimens, but immunocytochemistry was of equal or greater sensitivity in the remaining 18. The general increase in sensitivity afforded by the improved epitope enhancement method resulted from a shift towards a higher percentage of strongly positive cells.
The sensitivity and specificity of TRAcP cytochemistry and MAb 9C5 immunocytochemistry were compared directly in cytocentrifuge smears of spleen MNCs from a case of HCL. Smears were stained first for TRAcP using the red, organic-soluble fast garnet GBC coupler. After photographic documentation of the result, the smear was dehydrated briefly in absolute ethanol, decolorized in xylene for 15 min, and rehydrated through graded ethanols. The smear was then labeled immunochemically with MAb 9C5 by the APAAP method. the alkaline phosphatase label was stained with fast blue BB as coupler, and the same field was rephotographed. Figure 5 shows that TRAcP activity and antigen co-localize and are stained to the same relative intensity. After cytochemistry, if smears were counterstained with hematoxylin, including differentiation in acid alcohol and neutralization in 0.3% NH40H. subsequent immunochemical stains were negative or were of greatly diminished intensity.
Epitope Enhancement for MA6 9CS in Archival Smears
We investigated whether TRAcP could be demonstrated immunocytochemically with MAb 9C5 in 18 specimens, including smears of blood, bone marrow, and spleen HCs that had been archived for up to 15 years. The original TRAcP stain, done at the time of collection, was scored semiquantitatively and compared with scores for recent TRAcP cytochemical and immunocytochemical stains.
TRAcP activity was stable in six specimens stored for up to 4 months in the unfixed state, having declined only slightly in one of these specimens. In all three specimens stored for a year, stainable TRAcP was significantly diminished. In the remaining nine specimens stored for 1-15 years, TRAcP activity was no longer detectable. The reactivity of MAb 9C5 paralleled that ofTRAcP activity. becoming weaker with time, even with epitope enhancement. At an age when TRAcP activity became undetectable, 9C5 immunoreactivity was irretrievable. 
Discussion
We raised an MAb to TRAcP (9C5) and developed an immunohistochemical method for its use in paraffin sections. Our initial examination of hemopoietic tissues showed MAb 9C5 to be highly specific for hairy cells, osteoclasts, and some macrophages (11). To establish more completely the specificity of MAb 9C5, an immunohistochemical survey of nonhemopoietic tissues was conducted (22). MAb 9C) reacts exclusively with TRAcP-expressing cells: activated macrophages and some of their specialized forms including alveolar macrophages, Kupffer cells of liver, osteoclasts, inflammatory macrophages associated with many tumors, and epithelioid and multinucleated giant cells of granulomas. Therefore, the clinical and research applications for MAb 9C5 extend beyond HCL into the broad areas of bone growth and pathophysiology, and inflammation. To produce MAb 9 0 , animals were immunized with heatdenatured TRAcP protein (10). MAb 9C5 does not react with native TRAcP. During the development of our original immunohistochemical method, we found that trypsin digestion and heat act synergistically to expose the 9C5 epitope in paraffin sections and fixed smears. However, TRAcP cytochemistry remained more sensitive than 9C5 immunocytochemistry for detection of HCs. The present studies were undertaken to standardize epitope enhancement conditions so as to achieve increased sensitivity for immunodetection of TRAcP in both paraffin sections and smears. By making immunocytochemistry as sensitive as TRAcP cytochemistry, results in tissue sections are sure to be of clinical relevance. Furthermore, our experience with standardizing MAb 9C5 immunocytochemistry may provide insight into general mechaisms of microwave epitope enhancement and may prepare a foundation for development of these methods for other antibodies in cytological preparations. A common presumption is that intense heat and direct molecular excitation generated by microwave irradiation "unfix" tissue by breaking the protein crosslinks caused by aldehyde fixation (23-26). Moreover, it has been suggested that protein denaturation is not the mechanism underlying microwave epitope enhancement or antigen retrieval in paraffin sections (26). However, we have demonstrated that heat, either by conventional boiling or by microwave irradiation which facilitates denaturation of TRAcP protein, exposes the 9C5 epitope for interaction with antibody.
A number of microwave-based epitope enhancement methods dramatically increase the immunohistochemical sensitivity of many antibodies. Microwave irradiation in citrate buffer, pH 6.0, has received much attention as a general approach to epitope enhancement in tissue sections (16, 2 3,2740) . Other solutions containing strong denaturants (15, 16, (31) (32) (33) or lead or zinc salts (15, 24, 25, 34) may be preferred for optimal performance of some antibodies. Through systematic examination of epitope enhancement conditions, we have found those that further increase the sensitivity of 9C5 anti-TRAcP. With the appropriate selection of microwave buffer and pH, proteolytic digestion is expendable. For immunohistochemistry of TRAcP in tissue sections, we recommend epitope enhancement by microwave irradiation in either 10 mM sodium citrate or 10 mM Tris buffer, pH 8.0, for a total of 10 min, followed by a 20-min cool-down period. Nonspecific nuclear staining was sometimes observed in specimens subjected to microwave irradiation at pH 8.0. This nuclear staining was rarely seen when the micro-wave buffer was made to pH 6.0. However, the specific stain intensity was reduced. We did not examine buffers above pH 8.0, because Shi et al. (20) have shown that the most significant effects are observed at pH 2.0-8.0. For fixed smears, microwave irradiation at pH 8.0 resulted in marked epitope enhancement. Tris buffer provided greater enhancement, better nuclear detail, and overall morphological preservation than did citrate buffer. Others have emphasized the need for a 15-2O-min cool-down period after microwave irradiation to achieve consistent optimal results (15, 16, 24, 25) . This cool-down period is also required for optimal staining of TRAcP with MAb 9C5. Our attempts to simplify the method by rinsing smears or sections immediately after microwave heating led to inconsistent and highly variable staining intensity in sections and smears. When a 15-20-min cool-down period was included, crisp, uniform staining across the entire section or smear was consistently achieved.
Heat-dependent epitope enhancement methods have received little attention for immunocytochemical applications. Because smears are not usually fixed extensively with aldehydes or exposed to molten paraffin, as are tissue blocks, such enhancement procedures may be presumed unnecessary. Our experience with MAb 9C5 and TRAcP suggests that the immunocytochemical performance of some antibodies could benefit from, and even require, epitope enhancement procedures. When microwave irradiation is used for epitope enhancement in smears, three influencing factors should be considered. First, smears withstand microwave irradiation better if they are prepared on coated slides such as commercial Probe-On Plus slides (Fisher Scientific). Second, fixation time should be extended beyond that used for conventional immunocytochemistry, e.g., 5-min fixation with buffered formal acetone provides robust fixation and preserves excellent morphology. Third, if subsequent proteolytic digestions are needed, the enzyme concentration should be reduced from what would be used without microwave irradiation. We did not examine epitope enhancement for other antibodies. However the methods described here for MAb 9C5 will be useful guidelines for targeting other antigens of biological or clinical significance in cytologic preparations.
